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Specification 
Title of the Invention 

A method for the production of acrylic resins 
Scope of the Patent Claim 

5 A method for the production of particulate acrylic 

resins, characterized in that a monomer mixture 
comprising (a) from 0.1 to 99.9 parts by weight of 
alkyl methacrylate of which the alkyl group has from 1 
to 18 carbon atoms, (b) from 0 to 99.8 parts by weight 

10 of alkyl acrylate of which the alkyl group has from 1 
to 18 carbon atoms, (c) from 0.1 to 50 parts by weight 
of a, p-unsaturated carboxylic acid monomer and (d) from 
0 to 2 0 parts by weight of monomer which is 
copolymerizable with the abovement ioned monomers is 

15 emulsion-polymerized using from 0.1 to 10 parts by 
weight of anionic emulsifying agent per 100 parts by 
weight in total of the monomer mixture and a polymer 
latex is obtained, and then this is salted out and 
polymer powder aggregates of acid value at least 

20 15 mgKOH/g, glass transition temperature at least 25°C 
and weight average molecular weight at least 10,000 are 
obtained, and the proportion of powder particles of 
diameter from 500 to 20 pm in said powder aggregates is 
at least 80% and the apparent bulk density is from 0.3 

25 to 0 . 6 g/ml. 

3. Detailed Description of the Invention 

Industrial Field of Application 
The present invention concerns a method for the 
production of acrylic polymers which have a high acid 

3 0 value and a high glass transition temperature and which 
have specified powder characteristics which are useful 
industrially. Acrylic polymers are such that various 
types of functional group such as carboxyl groups and 
hydroxyl groups, amide groups and the like can be 

3 5 introduced comparatively easily and so they are widely 
used as so-called functional polymers in various 
fields, and particularly in paints, adhesives, sealing 
materials, surface treatment agents, resist materials 
and the like. 



Prior Art 

The production of high acid value acrylic polymers 
is carried out using the general methods of 
polymerization such as solution polymerization, bulk 
polymerization, suspension polymerization, emulsion 
polymerization and the like. 

The weight average molecular weight of acrylic 
polymers obtained by means of the solution 
polymerization, bulk polymerization and suspension 
polymerization methods is generally less than a few 
tens of thousands, and the polymers are very sticky and 
difficult to handle and so they are transported and 
stored in the form of a solution or they are handled 
only as viscous materials. On the other hand, the 
viscosity of a polymerization system in which a polymer 
of weight average molecular weight greater than a few 
tens of thousands is being obtained is abnormally high 
and stirring of the polymerization system may become 
impossible or phenomena such as gelling of the 
polymerization system may occur and it is difficult to 
obtain the intended polymer. These problems are 

especially pronounced when obtaining polymers of which 
the glass transition temperature (referred to 
hereinafter as Tg) is above 25°C and industrially it is 
difficult to obtain polymers of molecular weight above 
10, 000 . 

Furthermore, in order to obtain high acid value 
acrylic polymers with the methods of polymerization 
such as suspension polymerization and emulsion 
polymerization in which water is used as the 
polymerization medium, it is necessary to use a large 
amount of water-soluble acid monomer such as acrylic 
acid or methacrylic acid and a balance between the 
aqueous layer of polymer which has been formed from the 
other hydrophobic monomers and the monomer layer is not 
achieved, polymer particles condense in the polymer and 
it is difficult to obtain a polymer which has a uniform 
composition distribution. Moreover, latex-like 

polymers can be obtained by polymerization after 



dispersing the water-soluble monomer uniformly in the 
polymerization system in a stable manner using an 
emulsifying agent in order to obtain polymers without 
difficulties of this type, but it is difficult to 
recover a polymer in which little of emulsifying agent 
which has been used remains from the latex and a 
powder-like polymer which has good characteristics 
starting with thermal stability cannot be obtained as 
the final product. 

Problems to be Resolved by the Invention 

As a result of a thorough investigation carried 
out with a view to discovering a method whereby acrylic 
resins which have a high Tg, a high acid value and a 
high molecular weight can be produced without the 
problems outlined above, the inventor has discovered a 
method of production whereby powder-like polymers which 
have good handling properties can be obtained easily 
with good polymerization stability, and the invention 
is based upon this discovery. 

Means of Resolving These Problems 

That is to say, in essence, the present invention 
is a method for the production of acrylic resin powder 
aggregates in which a monomer mixture comprising (a) 
from 0.1 to 99.9 parts by weight of alkyl methacrylate 
of which the alkyl group has from 1 to 18 carbon atoms, 

(b) from 0 to 99.8 parts by weight of alkyl acrylate of 
which the alkyl group has from 1 to 18 carbon atoms, 

(c) from 0.1 to 50 parts by weight of a, ^-unsaturated 
carboxylic acid monomer and (d) from 0 to 20 parts by 
weight of monomer which is copolymerizable with the 
abovementioned monomers is emulsion-polymerized using 
from 0.1 to 10 parts by weight of anionic emulsifying 
agent per 100 parts by weight in total of the monomer 
mixture and a polymer latex is obtained, and then this 
is salted out and polymer powder aggregates comprising 
polymer of acid value at least 15 mgKOH/g, glass 
transition temperature 2 5°C or above and weight average 
molecular weight at least 10,000 are obtained, and the 
proportion of powder particles of diameter from 500 to 
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2 0 \xm included in said powder aggregates is at 
least 80% and the apparent bulk density is from 0.3 to 
0 . 6 g/ml . 

The alkyl methacrylates and alkyl acrylates with 
5 Ci-is alkyl groups which are used when carrying out the 
present invention are monomers which can generally be 
obtained commercially where the alkyl group is a methyl 
group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a t- butyl 
10 group, a hexyl group, a pentyl group, a 2-ethylhexyl 
group, a cyclohexyl group, a dodecyl group, a nonyl 
group, a stearyl group or such like group. 

Acrylic acid, methacrylic acid, itaconic acid, 
maleic acid, phthalic acid and the mono-alkyl esters of 
15 itaconic acid, maleic acid and phthalic acid, for 
example, can be used for the a, {3-unsaturated carboxylic 
acid. 

The monomers which are generally used, including 
aromatic vinyl compounds such as styrene and a- 

20 methylstyrene , vinyl esters such as vinyl acetate and 
vinyl propionate, monomers which have a nitrile group 
such as acrylonitrile and methacrylonitrile , the 
hydroxyalkyl (meth) acrylates , acrylamide, metha- 
crylamide, the methylolated forms of these amides, the 

25 alkoxyalkylated forms of these amides, benzyl 
(meth) acrylate and the like can be cited as examples of 
the copolymerizable monomers. 

It is necessary to use a combination of from 0 . 1 
to 99.9 parts by weight of alkyl methacrylate of which 

3 0 the alkyl group has from 1 to 18 carbon atoms, not more 
than 99.8 parts by weight of alkyl acrylate of which 
the alkyl group has from 1 to 18 carbon atoms, from 0.1 
to 50 parts by weight of a, ^-unsaturated carboxylic 
acid and not more than 20 parts by weight of other 

3 5 copolymerizable monomers in order to obtain an acrylic 
polymer of Tg at least 25°C with good efficiency by 
means of this invention. 

In those cases where the amount of a, {3-unsaturated 
carboxylic acid used is less than 0.1 part by weight 



only polymers which have an acid value less than 
15 mgKOH/g are obtained, and the purpose of the 
invention is not fulfilled. 

On the other hand, if the amount of a,J3- 
unsaturated carboxylic acid used exceeds 5 0 parts by 
weight then the amount of cullet which is formed in the 
polymerization system where a large amount of monomer 
is being emulsion-polymerized increases and it is not 
possible to obtain a polymer which has uniform 
characteristics . 

In order to produce an acrylic polymer of Tg at 
least 25°C, and especially a polymer of Tg at least 
50°C, the proportion of the other copolymerizable 
monomer, alkyl methacrylate and alkyl aery late must be 
not more than 20 parts by weight. It tends to be 
difficult to produce a uniform emulsion polymerization 
system with a monomer system in which the amount of 
other copolymerizable monomer which is being used is 
more than 20 parts by weight and this is undesirable. 

A polymer of the present invention has special 
characteristics in that the acid value is at least 
15 mgKOH/g, and preferably 4 0 mgKOH/g, and the 
molecular weight measured using gel permeation 
chromatography is at least 10,000. It is thought that 
acrylic polymers which have such characteristics could 
be used as adhesives which have excellent adhesion 
properties and toughness, as novel coating agents and 
as materials for modifying the characteristics of other 
resins, but it has been difficult to obtain these 
materials with the solution polymerization method and 
the bulk polymerization method with which functional 
group- containing acrylic polymers have been produced 
conventionally, and such polymers have been obtained 
satisfactorily for the first time with the method of 
the present invention. The acrylic resins of this 

invention have characteristics which are different from 
those of the high acid value resins developed in the 
past in that, even though they have a high acid value, 
they do not dissolve in aqueous alkali solutions, for 



example in 0.1% Na 2 C0 3 aqueous solution or 0.1% NaOH 
aqueous solution, even in 24 hours are more. 

The anionic emulsifying agent used in this 
invention is the salt of a weak acid and a strong base, 
such as a fatty acid soap or rosin acid soap, or an 
amide group -containing carboxylic acid salt, aromatic- 
containing carboxylic acid salt, high molecular weight 
polycarboxylic acid salt, polyoxyethylene alkyl 
phosphate ester salt, alkyl phosphate or the like, and 
actual examples include alkylbenzenesulphonates , alkyl 
metharylsulphonates , alkyl sulphuric acid ester salts, 
alkylsulphosuccinates , alkylarylsulphosuccinates , 

alkyldiphenyl ether disulphonates , polyoxyethylenealkyl 
or alkylaryl sulphuric acid ester salts and 
naphthalenesulphonic acid/ formalin condensates, and one 
of these emulsifying agents can be used alone or two or 
more types can be used conjointly. 

By using these emulsifying agents it is possible 
to realize the conflicting aims of good polymerization 
stability in the process in which a polymer of this 
invention is being obtained and recovering the polymer 
from the polymerization system easily as a powder. The 
carboxylic acid salts typified by the fatty acid soaps 
and the alkylsulphosuccinates are preferred. 

In use these emulsifying agents can be used in a 
form where they have been pre -dissolved in the aqueous 
phase which forms the polymerization medium or they may 
be added to the monomer system. The amount of the said 
emulsifying agent used is best within the range from 
0.1 to 10 parts by weight per 100 parts by weight of 
monomer for stabilizing the emulsion polymerization 
system and obtaining the powder-like polymer 
efficiently. If the amount used is less than 0.1 part 
by weight then it is difficult to achieve stability in 
the polymerization system and it is difficult to obtain 
the intended polymer powder aggregates. On the other 
hand, in systems where more than 10 parts by weight are 
being used the polymerization system is stabilized but 
undesirable effects arise in that the amount of 



- 8 - 

salting-out agent which is used when recovering the 
polymer from the reaction mixture is much increased and 
the salting-out agent remains in the recovered polymer 
and this has an adverse effect on the characteristics 
5 of the final product. 

The generally known polymerization initiators, 
such as peroxides, per-esters, hydroperoxides and per- 
acetates for example, can be used for the 
polymerization initiator when obtaining a polymer of 

10 this invention. Various types of metal salt and 
reducing agent can also be used conjointly as redox 
catalysts for raising the polymerization initiation 
stability of these polymerization initiators. The 
amount of polymerization initiator added is best at 

15 from 0.1 to 5 parts by weight per 100 parts by weight 
of monomer . 

When carrying out emulsion polymerization in 
accordance with the present invention it is best that 
the amount of water should be in the range from 5 0 to 

20 1,000 parts by weight per 100 parts by weight of 
monomer. If the amount of water used is less than 50 
parts by weight then the polymerization system becomes 
remarkably unstable and the intended polymer is not 
obtained while if, on the other hand, the amount of 

25 water used exceeds 1,000 parts by weight then the 
amount of polymer obtained is comparatively small when 
compared with the size of the polymerization system 
overall and so this is industrially inconvenient as a 
method for the production of a polymer. 

3 0 Next, methods where the monomer is added to the 

polymerization system in one shot, drip- feed methods, 
methods in which the monomer is gradually drip- fed 
during the polymerization process, methods in which the 
monomer is divided up and an addition is made on a 

3 5 number of occasions or a combination of such methods 
can be used for adding the monomer when carrying out 
emulsion polymerization using the present invention, 
but the method involving divided addition or the drip- 
feed method is preferred from the viewpoints of the 
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operability during emulsion polymerization and 
controlling the uniformity of the composition of the 
polymer which is obtained. 

Within ranges such that the purpose of the 
5 invention is not lost, pH control agents, degree of 
polymerization control agents, plasticizers , 

emulsif ication stabilizers and the like can be added to 
the polymerization system. 

The latex which has been obtained with an emulsion 

10 polymerization method as outlined above is salted out 
by adding a generally known salting-out agent such as a 
salt or acid for example and recovered as a polymer 
powder. The powder obtained in this way may be a high 
polymer of molecular weight more than 10,000 of the 

15 type which could not be obtained with a latex obtained 
in the conventional manner or a solvent -type resin 
solution, and since the said powder is easily handled 
it has good processability and it can be compounded 
easily and it can be widely used in various 

20 applications. 

A resin powder of this invention has a particle 
distribution such that 80% or more of the particles are 
of particle size from 500 to 20 pm and the apparent 
bulk density is within the range from 0.3 to 0.6. 

2 5 Powder aggregates of this invention where the powder 
has such characteristics may be dissolved in solvents 
and neutralized with alkali solutions easily, and since 
they are powders they can be handled and transported 
very easily. Furthermore, when the polymer powder is 

30 to be dispersed in a solution medium, the dispersion 
properties are good and the milling properties are also 
very good. 

Moreover, provided that the powder characteristics 
are within this range, there is little blocking during 
35 transportation and this is convenient industrially. 
Furthermore, the particles at the time of use are 
small, the operability is good and there is no adverse 
effect on the operating environment. 
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The polymers of this invention are ideal for 
obtaining resins of acid value 4 0 mgKOH/g or above and 
glass transition temperatures above 50 °C. 

These high acid value, high Tg, high molecular 
5 weight acrylic polymers can be used in fields where low 
molecular weight acrylic resins which have 
comparatively low acid values and Tg values have been 
used in the past. The strength, toughness and heat 
resistance of the resin products obtained are improved 

10 by using a high acid value acrylic resin of this 
invention. For example, when melamine and a tackifier 
are milled with a high acid value resin of this 
invention and coated onto a film to produce a sticky 
film, the strength of adhesion is greatly improved. 

15 Furthermore, when a foaming agent and melamine or the 
like are milled with a vinyl chloride/acetate resin and 
extruded and foamed, the uniformity remains high even 
though the foaming rate has been increased by a factor 
of five or more. Moreover, when milled with an 

20 ethylene -vinyl acetate resin, blocked isocyanate is 
added as a foaming agent and a sheet is formed and this 
is backed with a cloth material such as glass cloth for 
example and a foamed sheet is produced, an improvement 
in characteristics such as the sheet strength and 

25 foaming rate are observed. 

In this way the powder aggregates obtained by 
means of the present invention have a form which can be 
used easily in many applications. 

Illustrative examples of the invention are 

30 outlined below. In these illustrative examples the 
terms "parts" and "%" signify "parts by weight" and 
11 wt% " respectively . 
Example 1 

Water (300 parts), 2.0 parts of semi -hardened 
35 beef-tallow soap (KS soap, produced by the Kao Co.), 
2.0 parts of sodium alkylarylsulphosuccinate (Ereminol 
JS, produced by the Sanyo Kasei Co.) and 1.0 part of 
potassium persulphate were introduced into a separable 
flask of capacity 1 litre and heated to 80°C and then a 



monomer mixture of 70 parts methyl methacrylate , 
10 parts butyl acrylate and 20 parts methacrylic acid 
was added dropwise into the flask under a current of 
nitrogen over a period of 2 hours and then the mixture 
was stirred for 3 hours at 90°C and finally cooled. 
The polymerization rate was 99%. 

Hydrochloric acid (3 parts) and 5 parts of 
aluminium chloride di -hydrate were added to the latex 
and the latex was salted out, the water was removed and 
the material was dried and the white acrylic polymer 
(A) was obtained. 

The particle size was such that more than 80% of 
the particles were within the range from 32 jam to 
500 pm and the bulk density was 0.3 5 ml/g. This powder 
polymer was left to stand for 1 month and dissolved in 
ethylcellosolve and the dispersibility was good and it 
dissolved rapidly. Furthermore, the molecular weight 
according to GPC was 3 0,000 and it did not dissolve 
even on being immersed for 24 hours in 0.1% Na 2 C0 3 
aqueous solution. 
Example 2 

Water (300 parts), 3.0 parts of sodium 
alkylarylsulphosuccinate (Neoplex No . 5 , produced by the 
Kao Co.) and 2.5 parts of rongalite were introduced 
into a separable flask of capacity 1 litre and heated 
to 6 0 °C and then a mixture of 3 0 parts methyl 
methacrylate, 20 parts butyl methacrylate, 30 parts 
butyl acrylate, 10 parts acrylic acid, 10 parts styrene 
and 2 . 0 parts cumene hydroperoxide was divided into 
four equal parts which were added under a current of 
nitrogen at 3 0 minute intervals and then the mixture 
was maintained at 70°C for 120 minutes and the 
polymerization reaction was completed. After cooling 
the reaction liquid, 20 parts of calcium chloride di- 
hydrate were added and the latex was salted out, the 
water was removed and the material was dried and the 
white acrylic polymer (B) was obtained. The degree of 
polymerization was 99.5%. The particle size of the 

polymer powder obtained was such that more than 8 0% of 
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the particles were within the range from 500 \xm to 
40 pm and the bulk density was 0.41 ml/g, and it did 
not dissolve even on being immersed for 24 hours in 
0.1% Na 2 C0 3 aqueous solution. The molecular weight 
according to GPC was about 35,000. 
Example 3 

Water (300 parts), 3.0 parts of an addition type 
emulsifying agent (Latemul 180A No . 5 , produced by the 
Kao Co.), 1.0 part of sodium carbonate, 0.1 part of 
boric acid, 0.001 part of ferric sulphate, 3.0 parts of 
dextrose and 0.01 part of EDTA tetra-Na salt were 
introduced into a separable flask of capacity 1 litre 
and heated to 60 °C. A mixture of 70 parts methyl 
methacrylate, 20 parts methacrylic acid, 10 parts butyl 
methacrylate , 1.0 part methyl thioglycolate and 2.0 
parts tert -butyl hydroperoxide was added dropwise under 
a current of nitrogen over a period of 120 minutes. 
Subsequently the mixture was maintained at 6 0 °C for 
180 minutes and emulsified and the polymerization 
reaction was completed. The polymer conversion was 
98.5%. A 20% aluminium sulphate aqueous solution 

(10 0 parts) was added and the latex obtained and the 
latex was salted out, the water was removed and the 
material was dried and the white polymer (C) was 
obtained. The particle size of the polymer (C) powder 
obtained was such that more than 80% of the particles 
were within the range from 5 00 pm to 5 0 pm and the 
molecular weight according to GPC was about 40,000. 
The bulk density of the acrylic polymer powder obtained 
was 0.3 9 ml/g and even after being stored for 1 month 
it retained good powder characteristics. Furthermore, 
it did not dissolve even on being immersed for 24 hours 
in 0.1% Na 2 C0 3 aqueous solution. 
Example 4 

Water (200 parts), 2.0 parts of sodium oleate soap 
and 3.0 parts of rongalite were introduced into a 
separable flask of capacity 1 litre and heated to 70°C 
and then a mixture of 50 parts methyl methacrylate, 20 
parts ethyl acrylate, 20 parts butyl acrylate, 10 parts 
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methacrylic acid, 2.0 parts sodium dioctylsulpho- 
succinate (Pelex OTP, produced by the Kao Co.) and 
2.0 parts of cumene hydroperoxide was added dropwise 
under a current of nitrogen over a period of 
5 13 0 minutes and then the mixture was maintained at the 
same temperature for 270 minutes. The polymer 

conversion was 98%. Calcium nitrate tetra-hydrate 
(10 parts) was added to the latex obtained, the water 
was removed and the material was dried and the white 

10 polymer (D) was obtained. The polymer powder obtained 
was such that the particle size was such that more than 
80% of the particles were within the range from 500 pm 
to 35 jam, the molecular weight was about 38,000 and the 
bulk density was 0.41 ml/g. Furthermore, it was 

15 insoluble even on being immersed for 24 hours in 0.1% 
Na 2 C0 3 aqueous solution. 
Comparative Example 1 

Ethylcellosolve (200 parts) , 180 parts of 
isopropyl alcohol and 20 parts of ethyl acetate were 

20 introduced into a separable flask of capacity 1 litre 
and heated to 8 0°C and a mixture of 7 0 parts methyl 
methacrylate, 10 parts butyl acrylate, 20 parts 
methacrylic acid and 3.0 parts azobisisobutyronitrile 
was added dropwise into under a current of nitrogen 

2 5 over a period of 2 hours and then the mixture was 

stirred 5 hours at 80°C and then cooled and the resin 
solution (D) was obtained. The polymer conversion was 
98% and the weight average molecular weight according 
to GPC was 5,000. The solution was introduced into 
30 4,000 parts of n-hexane and the bulk polymer was 
recovered but the recovery was 70%. Furthermore, on 
being left to stand for 24 hours in 0.1% NaOH aqueous 
solution it dissolved completely. 
Comparative Example 2 

3 5 A latex was obtained with a 98% polymer conversion 

in the same way as in Example 1 except that 2.0 parts 
of polyoxyethylene nonylphenyl ether (non-ionic system) 
and sodium polyoxyethylenephenylsulphonate (Levenol WZ, 
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produced by the Kao Co.) were used for the emulsifying 
agent . 

This latex was salted out with 3 parts of 
hydrochloric acid and 5 parts of aluminium chloride di- 
5 hydrate in the same way as in Example 1 but only about 
50% of the polymer could be recovered. Then, the latex 
was salted out with 10 parts of hydrochloric acid and 
80 parts of aluminium chloride di-hydrate and 95% of 
the polymer was obtained and this was de -watered and 

10 dried and the white polymer (E) was obtained. 

The polymer particles were such that the polymer 
powder included more than 20% with a particle size 
below 20 jam, the bulk density was low at 0.25 and the 
powder was liable to scattering (giving rise to dust 

15 clouds) . Furthermore, the polymer (E) was heated to 
220 °C for 4 hours in a Gear oven and it changed to a 
light yellow colour. When the polymer (A) was 

subjected to the same treatment there was no 
discolouration and the product remained white. 

20 
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